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2.  The  report  entitled  "Teratologic  Potential  of  Ethylene 
Thiourea  (ETU),  a  Positive  Control,  in  Sprague-Dawley  Rats," 
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Teratogenic  Potential  of  Ethylene  Thiourea  (ETU),  a  Positive  Control, 
In  Sprague-Dawley  Rats — Coppes  et  al 


The  Toxicology  Group,  LAIR,  has  been  tasked  to  perform 
toxicological  evaluation  of  compounds  to  include  teratogenic  testing. 
Regulatory  agencies  require  a  concurrent  positive  control  group  unless 
historic  data  from  the  laboratory  performing  the  teratogenicity  test 
demonstrate  that  the  strain  of  animals  being  used  is  sensitive  to  known 
teratogenic  agents  (1).  This  report  presents  the  results  of  a 
concurrent  positive  control  group,  ethylene  thiourea  (ETU),  from  LAIR 
GLP  Study  82021  (2). 

Objective  of  the  Study 


The  purpose  of  this  study  was  to  provide  historic  data 
demonstrating  the  Sprague-Dawley  rat  Is  sensitive  to  a  known  teratogen 
In  the  LAIR  teratogenicity  test  system. 


MATERIALS 

Rationale  for  Selection  of  the  Positive  Control 

Ethylene  thiourea,  a  decomposition  product  of  the 
ethylenebisdithiocarbamate  fungicides,  is  a  known  teratogen. 
Malformations  Induced  by  ETU  are  due  to  an  extensive  cell  necrosis 
which  occurs  in  the  affected  organs  at  an  early  stage  of  embryonic 
development  (3,4).  Preliminary  studies  In  our  laboratory  showed  ETU 
was  a  consistent  teratogen  In  Sprague-Dawley  rats. 

Positive  Control  Substance 

Chemical  Name:  2-Imidazolidinethione ,  Ethylene  Thiourea 


Chemical  Abstract  Service  Registry  No.:  96-45-7 
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Molecular  Structure: 
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Molecular  Weight:  102.17 

Source:  Eastman  Kodak  Company 

Rochester,  NY  14650 

Lot  No:  47  A  Cat  No  P5950 

Stability:  Stable  at  elevated  temperature  over  wide  pi  I  range  (3). 

Published  Toxicity  Data:  ETU  is  a  known  carcinogen,  mutagen,  and 

teratogen  (3). 

Vehl cle 

The  vehicle  for  ETU  was  distilled  water. 

Rationale  for  Selection  of  the  Negative  Control 

The  positive  control  groups  were  run  concurrent  with  the  test 
substance  4-nitrophenyl  methyl  phenyl  phosphinate  (MPP),  CLP  Study 
82021.  A  vehicle  containing  21.5%  polysorbate  80  (Tween  80),  18.5% 

absolute  ethanol,  37.5 %  50  mM  citrate  buffer  (pH  3.2),  and  22.5% 

distilled  water  was  selected  to  solubiLize  and  stabilize  the  MPP  (2). 
Since  a  distilled  water  control  group  was  not  run,  the  vehicle  control 
group  for  MPP  is  shown  in  this  report  as  a  negative  control  for 
comparison  with  the  positive  control. 

Additional  information  about  the  negative  control  appears  in 
Appendix  A. 

Animal  Data 

Young  adult  Sprague-Dawlev  rats  were  obtained  from  Bant tn-Ki ngman , 
Fremont,  CA.  Due  to  Its  size,  the  study  was  conducted  in  two  phases. 
Phase  I  required  85  female  and  41  male  rats  and  Phase  TT  required  103 
female  and  62  male  rats  (Including  those  rats  needed  for  the  MPP  dose 
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groups).  Two  females  from  Phase  I  and  6  females  from  Phase  II  were 
randomly  selected  for  quality  control  necropsy.  Animals  were 
identified  by  sequentially  numbered  metal  eartags.  The  weight  ranges 
of  rats  were  as  follows: 


Phase 

Receipt 

Start  of 

Breeding 

Females 

Males 

Females 

Males 

(gm) 

(gm) 

(gm) 

(gm) 

I 

250-296 

249-286 

261-331 

406-504 

II 

193-308 

223-299 

240-327 

391-589 

Historic  data  on  sporadic  malformations  in  rats  are  well-documented 

(5). 

Husbandry 

Upon  arrival  at  LAIR,  rats  were  housed  individually  in  wire  mesh 
rack  cages  with  automatic  water  dispensers  for  the  quarantine  period. 
Animals  were  fed  Purina  Certified  Rodent  Chow  5002  (Ralston  Purina 
Company,  St  Louis,  MO)  and  tap  water  ad  libitum  throughout  the  study. 
No  contaminants  or  naturally  occurring  substances  were  expected  to 
influence  the  study.  During  breeding  1  male  and  2  females  were  placed 
in  polycarbonate  cages  with  hardwood  chip  bedding,  wire  lids,  and  water 
bottles.  After  breeding  the  males  were  returned  to  the  wire  mesh  rack 
cages;  the  females  remained  in  the  polycarbonate  cages  (2  females  of 
the  same  dose  group  and  breeding  date  per  cage). 

In  Phase  I,  room  temperature  ranged  between  64  and  74°F  (17.8  and 
23.3°0)  and  relative  humidity  between  58  and  77%.  In  Phase  II, 
temperature  ranged  between  68  and  74°F  (20.0  and  23.3°C)  and  relative 
humidity  ranged  between  47  and  70%.  Several  times  during  Phase  II  the 
relative  humidity  spiked  to  90%  for  a  short  period  of  time.  The 
fluctuation  of  relative  humidity  is  not  expected  to  have  an  impact  on 
the  outcome  of  the  study.  The  photoperiod  was  13  hours  of  light  per 
day  (0630-1930  hours). 


METHODS 

Methods  used  are  described  in  detail  in  LAIR  OP-STX-40  "Teratology 
Testing  Procedure”  (6)  and  were  in  accordance  with  Environmental 
Protection  Agency  test  standards  for  teratogenic  health  effects  (1). 
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Acclimation 


Females  were  acclimatized  before  start  of  breeding  for  8  and  18 
days  for  Phases  I  and  II,  respectively.  Males  were  acclimatized  for  at 
least  6  weeks. 

Group  Assignment 

Females  were  assigned  to  groups  according  to  LAIR  OP-ISG-21  "Animal 
Randomization  Procedure"  (7)  on  the  Data  General  ECLIPSE  C/330 
computer.  Twenty  random  sequences  of  numbers  correspond i ng  l<»  the 
number  of  dose  groups  were  generated.  When  females  became  sperm 
positive,  they  were  assigned  to  the  dose  group.  Animals  were  selected 
for  quality  control  necropsy  according  to  a  random  number  table. 

Dose  Administration 

Sperm-positive  females  were  dosed  daily  between  0800  -  1200  hours 
from  Day  6  through  Day  15  of  gestation  by  oral  intubation  using  an  18- 
gauge,  3-inch  gastric  gavage  needle  (Popper  and  Sons,  Inc,  New  Hyde 
Park,  NY  11040).  Dosing  was  conducted  without  sedation  or  anesthesia 
of  the  animals.  Positive  control  animals  received  40  mg/kg/day  ETU. 
The  volume  of  dosing  solution  for  each  female  was  based  on  the  Day  6 
(Day  0  was  the  day  sperm  were  detected  In  vagina)  body  weight  and  that 
dose  was  used  throughout  the  dosing  period.  Doses  were  calculated  'ay  a 
program  on  a  Hewlett-Packard  98A  calculator.  The  negative  control  was 
given  at  a  constant  volume  of  1  ml  per  animal.  Phase  1  females  were 
dosed  from  19  Oct  82  through  30  Oct  82.  Phase  II  females  were  dosed 
from  14  Feb  83  through  27  Feb  83. 

Compound  Preparation 

A  quantity  of  ETU  solution  sufficient  for  the  entire  dosing  period 
of  each  phase  was  prepared.  For  Phase  I  a  20  rag/ral  solution  and  for 
Phase  II  a  40  mg/ml  solution  of  ETU  in  distilled  water  (w/v)  were 
prepared.  The  solutions  were  heated  to  approximately  40°C  to  attain 
complete  dissolution,  allquoted  into  vials  for  each  day  of  dosing  to 
prevent  contamination,  and  stored  at  room  temperature.  For  each  day  of 
dosing,  l  vial  was  warmed  to  approximately  40°C  to  redissolve 
crystallized  ETU.  No  analysis  was  performed  on  the  ETU  solutions. 

The  negative  control  solution  was  prepared  at  tne  beginning  of  each 
phase,  allquoted  into  vials  for  each  day  of  dosing,  and  refrigerated. 
Before  daily  dosing,  a  vial  of  negative  control  solution  was  pieced  in 
a  beaker  of  hot  tap  water  to  bring  the  solution  to  room  temperature. 
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Breeding 


After  the  quarantine  period,  each  male  was  placed  In  the  breeding 
cage  with  2  females.  Females  were  checked  each  morning  for  evidence  of 
Insemination.  Day  0  for  each  female  was  the  day  sperm  were  observed  In 
her  vaginal  smear.  Sperm-posltlve  females  were  assigned  to  dose  groups 
as  previously  described.  Sperm-positive  females  were  separated  from 
the  males  and  placed  with  another  female  of  same  breeding  date  and  dose 
group. 


The  breeding  period  was  3  days  for  Phase  I  and  5  days  for  Phase  IT. 
The  number  of  positive  females  was  limited  to  approximately  30  per  day. 
Matings  were  terminated  when  an  adequate  number  of  females  were  sperm 
positive.  Those  females  which  were  not  sperm  positive  at  the 
completion  of  the  breeding  period  were  removed  from  the  study. 


Cesarean  Section  Procedure 


Dams  were  weighed  and  euthanized  with  CO^  gas  on  Day  20  of 
gestation.  Non-pregnant  females  were  examined,  and  removed  from  the 
study.  Gravid  uteri  were  examined  for  number  and  placement  of 
implantation  sites,  resorptions,  and  live  and  dead  fetuses.  Corpora 
lutea  were  not  counted.  The  uterus  and  ovaries  were  removed,  the  dam 
examined  for  gross  visceral  signs  of  toxicity  and  reweighed.  Fetuses 
were  assigned  alternately  to  either  skeletal  or  visceral  examination. 
Each  fetus  was  sexed,  weighed,  and  examined  externally. 


Fetuses  assigned  for  skeletal  examination  were  placed  in  70Z 
ethanol  for  several  hours  and  eviscerated.  They  were  then  processed  by 
the  alizarin  red  S  staining  technique  of  Crary  (8).  After  processing, 
the  specimens  were  stored  In  glycerol  with  a  few  crystals  of  thymol  to 
Inhibit  bacterial  and  mold  growth.  Fetuses  assigned  for  visceral 
examination  were  placed  in  Bouin's  solution.  The  body  walls  were 
pierced  to  allow  penetration  of  the  fixing  solution. 


Observations  and  Records 


Pregnant  females  were  weighed  on  Day  0  and  every  other  day  through 
Day  20.  Females  were  observed  daily  from  Day  0  through  Day  20  for 
clinical  signs  of  toxicity,  abortion,  or  premature  delivery.  Clinical 
signs  were  not  recorded  for  Phase  I  animals  except  at  cesarean  section. 
Date,  time,  and  amount  of  dosing  solution  administered  were  recorded 
during  the  daily  dosing  on  Days  6  through  15.  At  cesarean  section, 
uterine  data  and  body  weight,  and  results  from  gross  examination  of  the 
dam  were  recorded.  The  gravid  maternal  weight  was  termed  the  "Actual 
Day  20"  weight.  The  maternal  weight  after  removal  of  the  uterus  and 


fetuses  was  termed  the  "Corrected  Day  20”  weight' 
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Fetal  weight,  sex,  and  external  examination  findings  from  live 
fetuses  were  recorded.  Boilin' s  fetuses  were  examined  under  low 
magnification  by  the  modified  Wilson  freehand  razor  blade  sectioning 
technique  (9).  The  alizarin  skeletons  were  examined  under  low 
magnification  on  a  light  box  for  degree  of  ossification,  ina 1  format  ions , 
and  alignment.  The  number  of  ossified  sternebrae,  ribs,  caudal 
vertebral1,  metac.i  r  pa  l  s ,  and  ino  t  a  t  a  r  sa  I  s  were  counted. 

Schedule  of  Study  E ye  i 1 ts 

The  study  was  divided  into  2  phases  to  allow  adequate  time  for 
animal  care,  fetal  processing,  and  fetal  examination.  Upon  arrival 
several  animals  from  each  phase  were  sent  for  quality  control  necropsy. 
The  historical  listing  of  study  events  is  given  in  Appendix  B. 

Statist  teal  Analysis 

The  data  were  analyzed  with  B.'IDF  software  on  a  Data  General  ECLll’SE 
C/330  computer  (.10).  Methods  used  are  described  by  Hollander  and  Wolfe 
(Ll).  bata  from  both  phases  were  combined  for  analysis.  The  litter  or 
litter  mean  was  used  as  t  he  experimental  unit.  All  tests  were  run  at 
the  .03  level  of  signi  t  icance.  In  tiiis  report  the  term  "sign  i  f  i  i  aoi  " 
indicates  a  statistically  significant  dillcrence. 

The  maternal  bony  weights,  weight  changes  (.Corrected  bay  20  -  bay 
0),  and  fetal  weights  of  the  positive  control  were  compared  with  the 
negative  control  group  by  the  Student’s  t-t>  si.  In'  fetal  examination 
findings  of  the  positive  control  group  were  compared  with  the  findings 
from  the  negative  control  group  by  the  Fisher's  Exact  test.  The  number 
of  implantations,  percent  resorptions,  percent  live  fetuses,  percent 
male  fetuses,  and  ossification  data  of  the  positive  control  group  were 
compared  with  the  negative  control  group  by  the  Mami-Wh '  t.uey  test. 

Deviations  from  Original  Pro tocol 

Animals  were  dosed  from  Day  t>  through  I)  ly  13,  the  period  of  major 
organogenesis  in  t  tie  rat.  fhe  original  protocol  specificu  lliai  tl.e 
positive  control  animals  be  dosed  once  and  the  vehicle  control  animals 
be  dosed  from  Day  o  through  Day  17.  The  dose  was  ’alcul  ited  on  the  Day 
0  body  weight  rattier  than  Day  U  as  stated  in  the  protocol.  Females 
were  weighed  every  other  day  instead  of  every  day.  i’regn  at  females 
we  re  housed  2  pi'  I  cage  rat  net  i  han  gang  caged  . 

These  deviations  t rum  the  protoe  .1  did  not  affect  the  outcome  <>f 
the  study  and  actually  brought  tile  study  inti  conf  or  .nu  1 1  on  situ 
regulatory  guideline',  (t). 


An I mnls  Excluded  from  Study 

Due  to  inadvertent  destruction  of  Rouln's  processed  fetuses,  2 
positive  control  females,  82D00713  and  82000738,  and  1  negative  control 
female,  82000759,  were  eliminated  from  Phase  I.  Data  from  the 
skeletal-processed  fetuses  from  these  females  were  not  included  in  this 
report.  However,  these  data  will  be  archived  with  other  raw  data  from 
CLP  Study  82021. 

Two  negative  control  animals  were  mlsdosed,  82D00716  on  26  Oct  82 
and  83000033  on  16  Feb  83,  and  subsequently  they  were  removed  from  the 
study.  Misdoslng  was  confirmed  by  necropsy  findings. 

Raw  Data  and  Final  Report  Storage 

A  copy  of  the  final  report,  study  protocol,  addenda,  raw  data,  and 
SOPs  will  be  retained  in  the  LAIR  Archives.  Alizarin  specimens  will  be 
retained  in  LAIR  Pathology  Archives. 


RESULTS 

Quality  Control  Necropsy 

Tissues  from  Phase  I  quality  control  rats  were  normal  by 
microscopic  examination.  Microscopic  examination  of  Phase  II  tissues 
revealed  sinusitis  In  all  6  females.  Since  all  other  tissues  were 
normal  and  weight  gain  of  the  females  was  normal,  the  remaining  females 
from  that  shipment  were  used  for  Phase  II.  The  sinusitis  appeared  to 
have  no  effect  on  the  results  of  the  study. 

Maternal  Data 


The  individual  maternal  weights  are  listed  in  Appendix  C  and  the 
group  mean  maternal  weights  are  presented  in  Table  1.  There  were  no 
significant  differences  in  the  weights  or  weight  gains  (Corrected  Day 
20  -  Day  0)  between  the  two  groups. 

There  were  no  maternal  deaths  in  either  of  the  dose  groups. 
Individual  maternal  clinical  signs  arp  listed  In  Appendix  D. 
Cumulative  clinical  signs  per  group  during  the  pretreatment  (Day  0 
through  Day  5),  treatment  (Day  6  through  Day  15),  and  posttreatment 
(Day  16  through  Day  20)  periods  are  found  In  Table  2.  There  were  few 
clinical  signs  of  toxicity  in  either  group.  Generally  these  signs  were 
seen  in  only  1  animal  per  group,  occurred  randomly  throughout  the 
dosing  period,  and  lasted  1  or  2  days. 


The  number  of  animals  assigned  to  each  group,  number  of  animals 
that  died  during  the  study,  and  number  and  percent  of  animals  that  were 
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pregnant  are  presented  In  Table  3.  Pregnancy  rate  was  68%  in  the 
negative  control  group  and  96%  in  the  positive  control  dose  group. 

Cesarean/Fetal  Data 

The  individual  number  of  implantations,  resorptions,  percent 
resorptions,  and  number  and  percent  of  fetuses  dead  and  live  are  listed 
in  Appendix  E.  The  number,  sex,  and  mean  fetal  weight  per  litter  are 
found  in  Appendix  F.  These  data  are  summarized  in  Table  4.  There  were 
no  differences  in  the  number  of  implantations,  resorptions,  and  live 
and  dead  fetuses  between  the  groups.  The  mean  fetal  weight  and  mean 
male  fetal  weight  of  the  positive  control  group  were  significantly 

lower  than  the  negative  control  group.  The  mean  female  weights  were 

also  lower  in  the  positive  control  group  but  they  were  not  significant 
at  the  0.05  level.  The  positive  control  group  had  a  significantly 

lower  percentage  of  male  fetuses  than  the  vehicle  control  group. 

Each  fetus  was  examined  for  variations,  retarded  development,  and 
anomalies  both  externally  during  the  cesarean  section  delivery  and 
again  after  visceral  or  skeletal  processing.  Descriptions  of  the 
examination  findings  were  recorded.  These  descriptions  with  their 
corresponding  incidences  are  listed  in  Appendices  G,  H,  and  1  for  the 
external,  visceral,  and  skeletal  examinations.  Summaries  for  incidence 
of  each  anomaly  and  variant  appear  in  Tables  5,  6,  and  7.  Fetuses  with 
multiple  anomalies  and  variants  are  listed  in  more  than  one  descriptive 
category  but  are  counted  only  once  in  the  totals.  Appendix  J  lists  the 
number  of  fetuses  per  litter  with  anomalies  and  variants  in  the 
external,  visceral,  and  skeletal  examination  findings.  Appendix  K 
shows  the  number  of  fetuses  per  litter  with  any  anomalies  and  variants. 
Table  8  shows  the  group  summary  of  the  number  of  fetuses  and  the  number 
of  litters  containing  fetuses  with  anomalies  and  variants  for  the 
external,  visceral,  and  skeletal  examinations  and  a  summary  of  number 
of  fetuses  and  litters  containing  fetuses  with  any  anomalies  and 
variants.  The  positive  control  group  had  significantly  Increased 
numbers  of  fetuses  with  anomalies  and  variants  and  significantly 
Increased  numbers  of  litters  containing  fetuses  with  anomalies  and 
variants  for  the  external,  visceral,  skeletal,  and  combined  examination 
findings  than  the  negative  control  group. 
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The  litter  mean  numbers  of  sternebrae,  caudal  vertebrae, 
metacarpals,  and  metatarsals  ossified  are  presented  in  Appendix  1,  and 
the  summary  by  group  is  presented  in  Table  9.  Comparing  the  positive 
control  group  with  the  negative  control  group,  there  was  no  difference 
in  the  number  of  sternebrae,  but  there  were  significantly  fewer  caudal 
vertebrae,  metacarpals,  and  metatarsals  ossified  in  the  positive 
control  group. 


Coppos 


9 


Table  1 

Maternal  Body  Weights*  and  Weight  Changest 


Day 


Positive  Negative 

Control  Conirol 


0 

6 

12 

16 

Actual  20 
Corrected  20 
20-0  Weight  gaint 


281.0 

+ 

14.5 

277.8 

+ 

22.1 

315.1 

+ 

16.8 

309.8 

+ 

21.6 

324.0 

+ 

22.0 

320.5 

+ 

23.5 

344.6 

+ 

35.9 

343 . 1 

+ 

25.0 

395.3 

+ 

44.2 

400.8 

+ 

36.8 

314.0 

+ 

26.8 

318.4 

+ 

33.8 

33.0 

+ 

22.8 

40.5 

+ 

19.6 

*Mean  +  S.D.  in  gin  of  pregnant  animals. 

hi  roup  mean  of  [Correct. •«!  Day  2d  weight  -  Day  o  weight). 
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Table  2 

Cumulative  Maternal  Clinical  Signs 


Positive 

Negative 

Observation 

Control 

Control 

Pretrea  tment  (Days  0-5) 

Slight  weight  loss 

1 

l 

Treatment  (Days  6-15) 

Blood 

mouth/ nose 

1 

l 

vaginal  area 

1 

Foaming  at  mouth 
during  misdosing 

Inac  t  ive 

1 

l 

Red  stained  nose 

l 

Wheez i ng 

2 

Post  treatment  and  at  Cesarean  (Days 

l o-2 U ) 

Uterus: 

enlarged,  fluid  tilled 
blood  filled 

l 

1 

Rough  tia  i  r  coal. 

swollen  hind  leg 

l 

Coppos 
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Table  3 

Summary  of  Maternal  Data 


Positive  Negative 

Control  Control 


Number  of  animals  assigned 

23 

23 

Number  of  animals  died 

0 

0 

Percent  of  animals  died 

0 

0 

Number  of  animals  pregnant 

24 

17 

Percent  of  animals  pregnant 

96 

68 

i».  c.  e.  t«. 
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Table  4 


Mean*  Uterine  and  Litter  Data 


Number  of  litters 

24 

17 

Mean  values  per  litter 

Number  of  implantations 

14.4 

+  4.9 

14.1 

+  4.9 

Number  of  resorptions 

1.4 

+  1.9 

1.5 

+  1.5 

Percent  resorptionst 

10.0 

+14.9 

10.8 

+12.0 

Number  of  dead  fetuses 

0.1 

+  0.3 

0 

Percent  dead  fetuses*] 

0.8 

+  2.1 

0 

Number  of  live  fetuses 

12.8 

+  5.0 

12.6 

+  5.1 

Percent  live  fetuses* 

89.2 

+  14.7 

89.2 

+  12.0 

Live  fetuses: 

Body  weight  (g) 

1.5 

+  0.9** 

4.3 

+  1.0 

Body  weight  male  fetuses  (g) 

1.6 

+  1.0** 

4.4 

+  1.0 

Body  weight  female  fetuses  (gl 

3.4 

+  0.9 

4.0 

+  0.8 

Number  of  male  fetuses 

5.8 

+  2.7 

6.9 

+  3.2 

Percent  male  fetuses 

42.5 

+  18.9** 

57.5 

+  1  7.8 

♦Group  mean  +  S.D. 

tGroup  mean  of  (resorptions  per  1 i tter /impl antat ions  per  litter]  x  100 
SGroup  mean  of  (dead  fetuses  per  lit ter/implantat ions  per  litter)  x  100 
♦Group  mean  of  (live  fetuses  per  li tter /implantat ions  per  litter]  x  100 
**Stgnif icantly  different  from  the  negative  control. 


v.v. 
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Table  5 

Description  and  Incidence  of  External  Examination  Findings 


Positive  Negative 

Control  Control 


No. 

% 

No.  % 

No.  of  fetuses  examined 

308 

215 

Anomalies 

Exencephaly 

219 

71 

Hydrocephaly 

123 

40 

Domed  cranium 

98 

32 

1  0 

Flat  cranium 

62 

20 

Pointed  cranium 

2 

l 

Cleft  palate 

2 

1 

Prognathism 

9 

3 

Brachygnathia 

3 

1 

Protruding  tongue 

17 

6 

1  C 

Round  body  shape 

5 

2 

Short ,  curved  body  shape 

1 

0 

Spina  bifida 

1 

0 

Umbilical  hernia 

1 

0 

Short  forelimb 

1 

0 

Short  paw  digits 

1 

0 

Forepaw  digits  long  and 

separate 

116 

38 

Forepaw  one  digit  long. 

others  short 

20 

6 

Syndactyly 

152 

49 

Polydactyly 

3 

1 

Talipes  equlnovarus 

276 

90 

Short  or  curly  tail 

257 

83 

Absence  of  tail 

31 

10 

Absence  of  anus 

20 

6 

Variant  s 

Anasarca 

3 

l 

Decreased  definition  of 

paws 

35 

11 

Underdeve loped ,  smoo  t  h 

skin 

1 

0 

Hemorrhage  on  cranium 

9 

3 

.  4  a  |  . 
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Table  6 

Description  and  Incidence  of  Visceral  Examination  Findings 


Posit i ve 
Cont  rol 


Negat  i ve 
Control 


D  No.  of  fetuses  examined 

148 

105 

E  Anomalies 

If  Exencephaly 

70 

47 

K  Hydrocephaly 

39 

26 

E  Hydranencepha 1 y 

2 

1 

E  Compressed  or  cystic  brain 

76 

SI 

1,  Hypoplasia  of  olfactory  bulb 

49 

11 

|  Meningocele 

9 

6 

Cystic  spinal  cord 

1 

l 

Spina  bifida 

1 

1 

i  Open  eye 

1 

1 

J  Brachvgnathia 

27 

18 

V  Prognathism 

1 

1 

J  Agnathla 

1 

1 

Lobed  tongue 

1 

1 

Protruding  tongue 

10 

7 

Cleft  palate 

14 

9 

J  Cleft  nose  and  palate 

1 

1 

Abnormal  turbinates 

1 

1 

Abnormal  ventricle  of  heart 

1 

1 

Cystic  kidney 

p  Absence  of  kidney 

3 

2 

1 

1 

•  # 

R  F.ctopic  adrenal 

2 

1 

I  Absence  of  adrenal 

l 

1 

1  Ectopic  testes* 

2 

3 

1  Ectopic  ovaryt 

4 

5 

E  Diaphragmat ic  hernia 

1 

l 
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Table  6  (Continued) 

Description  and  Incidence  of  Visceral  examination  Findings 


Positive 
Cont  rol 


No.  7° 


No.  of  fetuses  examined 
Variants 

Dilated  ventricles  of  brain 
Cerebral  hemorrhage 
Dilated  arachnoid  space 
Dilated  foramen  magnum 
Mic  roplil  halm  ia 
Small  lens 

Dilated  renal  pelvis 
Small  kidney 
Hypoplasia  of  adrenals 
Undescended  testes* 
Hypoplastic  ovaryt 


♦Percent  calculated  with  number  of  male  fetuses  -  69. 
tPercent  calculated  with  number  of  female  fetuses  -  79. 


Negative 
Cont  rol 


No.  % 


1  1 

3  3 


Vw> 


9 

I 


S SmK 


Positive 

Control 


Negative 

Control 


No.  %  No.  Z 


No.  of  fetuses  examined 

168 

110 

Anomalies 

Domed  cranium 

74 

47 

I 

1 

Plat  cranium 

49 

31 

Short  maxilla  and  long  mandible 

6 

4 

1 

1 

Short  mandible 

13 

8 

Clef t  palate 

26 

16 

Kyphosis 

70 

44 

Scoliosis 

5 

3 

Missing  lumbar  vertebrae 

3 

a 

Missing  ribs 

4 

2 

Branched  or  fused  ribs 

42 

27 

Curvature  of  clavicle 

34 

22 

Malformed  scapula 

4 

2 

Malformed  humerus 

5 

3 

Short  humerus 

1 

1 

Short  radius 

9 

6 

Absence  of  radius 

4 

3 

Short  ulna 

2 

1 

Malformed  ulna 

4 

2 

Absence  of  ulna 

1 

i 

Posed  met  near pa  1 s 

1 

1 

Short,  femur 

1 

1 

Short  tibia 

31 

20 

Absence  of  tibia 

■> 

1 

Short  fibula 

3 

2 

Absence  of  fibula 

1 

1 

Tibia  and  fibula  parallel 

1 

1 

m 


«  9  m 
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Table  7  (Continued) 


Description  and  Incidence  of  Skeletal 

F.xarai  nation 

F indings 

Positive 
Cont ro 1 

No.  % 

Negative 

Control 

\’o.  % 

No.  of  fetuses  examined 

158 

no 

Variants 

Incomplete  ossification 

Cranium 

151 

90 

14  13 

Vertebral  centra 

151 

9b 

7  b 

Zygomatic  arch 

5 

3 

Pelvis 

50 

32 

Small  or  oval  orbit 

Large  orbit 

53 

34 

1  1 

Wavy  ribs 

47 

10 

2  2 

Short  ribs 

29 

18 

Lumbar  rib 

10 

b 

Sternebrae 

Scrambled 

7 

4 

Fused 

8 

5 

Fewer  than  3  ossified 

6 

4 

«.  *4' 


t  '  1.4  1.4  i.*  >.<  >_l  j 


i  4  I>.  t«4.«  .  tUjlV ***  AU.t 
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Table  8 


Summary  of  Fetal  Examination  Findings 


Positive  Negative 

Control  Control 


No.  t 


No.  X 


1  External  Exam 

Fetuses  examined 

108 

215 

1  Litters  exami ned 

24 

17 

.  Fetuses  with  anomalies 

101* 

98 

1 

0 

1  Fetuses  with  variants 

51* 

17 

0 

0 

>  Litters  with  anomalies 

24* 

100 

1 

6 

*  Litters  with  variants 

13* 

54 

0 

0 

1 

#i  Visceral  Exam 

|  Fetuses  examined 

148 

105 

Litters  examined 

23 

16 

I  Fetuses  with  anomalies 

120* 

81 

0 

0 

1  Fetuses  with  variants 

144* 

97 

22 

21 

9  Litters  with  anomalies 

23* 

100 

0 

0 

5  Litters  with  variants 

23* 

100 

8 

50 

1  Skeletal  Exam 

Fetuses  examined 

158 

110 

!*  Litters  examined 

23 

17 

L  Fetuses  with  anomalies 

137* 

87 

1 

l 

1  Fetuses  with  variants 

157* 

99 

21 

19 

!  Litters  with  anomalies 

22* 

96 

1 

6 

)  Litters  with  variants 

t 

23* 

100 

9 

53 

Summary  of  External,  Visceral, 

Skeletal 

Fetuses  examined 

308 

215 

Litters  examined 

24 

17 

Fetuses  with  any  anomalies 

305* 

99 

l 

0 

Fetuses  with  any  variants 

301* 

98 

43 

20 

Litters  with  any  anomalies 

24* 

100 

1 

6 

*  Litters  with  any  variants 

24* 

100 

11 

65 

*Sign1 f leant ly  different  from  the  negative  control 
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Table  9 


Summary  of  Ossification  Data* 


Positive 

Control 

Megative 

Control 

Sternebrae 

5.05  +  0.98 

5.40  +  0.49 

Caudal  vertebrae 

1.85  +  2 . 1 3 1 

3.66  +  1.12 

Metacarpals 

4.95  +  1 . 3 1 t 

6.60  +  0.84 

Metatarsals 

4.82  +  2. 83 1 

8.08  +  0.52 

*Mean  values  calculated  on  a  per  litter  basis. 
tSignif icantly  different  from  negative  control. 
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DISCUSSION 

Evidence  for  a  teratogenic  effect  is  considered  to  be  a  dose- 
related  increase  in  frequency  of  major  malformations  in  the  test  groups 
compared  to  the  vehicle  control  group.  Major  malformations,  such  as 
cleft  palate,  protruding  tongue,  exencephaly,  brachygnathia , 
prognathia,  scoliosis,  kyphosis,  branched  or  fused  ribs,  syndactyly, 
hindlimb  deformity,  missing  or  malformed  bones,  short,  curly  or  missing 
tail,  missing  anus,  were  considered  anomalies.  Minor  variations  in  the 
number  or  degree  of  ossification  of  sternebrae,  caudal  vertebrae, 
metatarsals,  metacarpals,  skull  bones,  vertebral  centra,  dilated  mna1 
pelvis,  dilated  ventricles  of  the  brain,  cerebral  hemorrhage,  wavy, 
short,  and  lumbar  ribs  were  considered  to  be  variants  as  they  do  not 
represent  a  specific  malformation  but  a  transient  phase  in  development. 
However,  if  results  show  that  variants  occur  at  si gni f icant ly  higher 
frequency  in  the  test  groups  than  in  the  vehicle  control  group,  this  is 
evidence  of  embryotoxicity.  Other  manifestations  of  embryotoxicity  are 
decreased  body  size  and  edema.  Fetal  deaths  or  resorptions  are 
considered  mani f estat ions  of  maternal  toxicity,  not  evidence  of 

teratogenicity  (12). 

Alivertl  £t  al^  proposed  that  delayed  ossification  provided  a 
reliable  index  of  retarded  fetal  development  in  teratogenic  studies 
(13).  In  this  study  the  number  of  sternebrae,  caudal  vertebrae, 
metatarsals,  and  metacarpals  were  counted  in  each  fetus  to  determine  if 
there  were  differences  in  development  between  the  groups. 

Results  of  the  F.TU  dose  group  fetal  examinations  were  similar  to 
those  reported  by  Khera  (3)  and  Teramoto  et_  al(4).  Major  malformations 
occurred  in  98%  of  the  fetuses  and  in  all  of  the  litters  in  the 
external  examination.  Major  malformations  seen  frequently  in  this 
group  were  exencephaly,  hydrocephaly,  domed  or  flattened  cranium, 
syndactyly,  forepaw  digits  long  and  separate  in  appearance  or  one  digit 
long  and  the  others  short,  talipes  equinovarus,  and  missing  antis. 
Retarded  development  was  evidenced  in  some  fetuses  by  decreased 
definition  of  paws  and  low  body  weight. 

Major  malformations  in  the  positive  control  Bouin's  processed 
fetuses  Included  exencephaly,  hydrocephaly,  compressed  or  cystic  brain, 
hypoplasia  of  the  olfactory  bulb,  brachygnathia,  protruding  tongue,  and 
cleft  palate.  Variants  seen  in  high  frequency  included  dilated 
lateral,  3rd  and  4th  ventricles  of  brain,  dilated  renal  pelvis,  small 
kidney,  and  undescended  testes.  The  spinal  cord  of  many  fetuses  in 
this  group  was  smaller  than  the  vertebral  canal  creating  an  enlarged 
arachnoid  space  and  di  lated  foramen  magnum. 

Major  skeletal  ma 1 f ormat Ions  found  In  high  frequency  in  the 
positive  control  fetuses  included  abnormally  shaped  cranlums,  cleft 
palate,  branched  or  fused  ribs,  missing,  short,  or  misshaped  bonus  of 


tlu-  limbs.  An  abnormal  body  shape,  Lcrinod  "kyphosis"  in  the 
observations,  was  character ized  by  the  head  set  forward  on  the  neck, 
the  mandible  almost  touching  the  chest,  and  vertebral  column  humpbacked 
in  the  thoracic  region.  Curvature  of  the  clavicle  was  characterized  by 
clavicle  curving  inward  sharply  giving  a  sunken  chest  appearance. 
Skeletal  variants  observed  were  delayed  ossification  of  the  cranium  to 
include  the  frontal,  parietal,  Interparietal  and  supraocc i pi ta 1  bones; 
delayed  ossification  of  the  pelvis  to  include  short  or  unossified  pubis 
or  ischium;  vertebral  centra  split,  dumbbell-shaped  or  unossified;  wavy 
ribs;  short  13th  rib;  supernumerary  lumbar  rib;  and  small  or  oval 
orb i t . 

One  negative  control  fetus  had  anomalies  of  the  head  characterized 
by  domed  shaped  cranium,  protruding  tongue  and  short  maxilla  with  long 
mandible  which  represents  a  0.477  anomaly  rate  for  fetuses  in  that 
group.  Palmer  (5)  reported  an  incidence  of  spontaneous  malformations 
In  the  rat  of  0.41%  major  malformations  from  51,349  control  fetuses. 


CONCLUSION 

When  given  in  daily  ora  1  doses  of  40  mg/kg/day  from  Days  h  through 
15  of  gestation,  the  positive  control  substance,  ethylene  thiourea 
(KTU),  produced  teratogenic  and  cmbryoloxic  effects  in  Sprague-Dawl ey 
rats.  The  LAIR  teratology  testing  procedure  tor  t ho  Spr.igue-Dawley  rat 
Is  a  valid  model  for  testing  substances  for  teratogenic  potential. 
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+  Number  of  fetuses  with  variants. 

$  Number  of  fetuses  with  anomalies. 
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§  Number  of  fetuses  with  anomalies 


Coppes  —  62 


03 

C/5 

x 

a* 

X 

0) 

•rt 

rH 

•rt 

frt 

v. 

o 

V 

u 

•rt 

•H 

X) 

> 

TJ 

> 

c 

1 

0J 

co 

0) 

pc 

o 

1 

(A 

frt 

05 

— w 

•rt 

3 

<J 

3 

u 

A-) 

I  ^ 

0 

*4H 

cx 

>> 

U-4 

3 

^•4 

O 

•rt 

U. 

o 

03 

u 

c?3 

;  o 

c 

O 

•rt 

u 

e 

0/ 

03 

<v 

X 

o) 

o 

1 

v  cn 

J-i 

03 

0)  V 

•rt 

ai 

c  1 

a> 

3  fH 

U 

a> 

•rt  3 

4-1 

c 

<  i 

f  jr 

4-1  0) 

x 

05  4_> 

j 

CJ 

CO  O 

XJ 

o 

O  CO 

4-) 

t3 

^  1 

c 

>  X 

0) 

c 

X  > 

V 

c 

O  1 

1  <n 

p  a 

B 

rO 

CL  V< 

o 

to 

<0  1 

U 

3  ^ 

o 

i-i 

>,  3 

X 

U1 

cc 

O  ^ 

a 

PO 

^  O 

c/3 

o 

U-sl  1 

c  ! 

•rt 

oo 

O' 

O' 

r-  <J 

m 

a  | 

x. 

•rt 

rH 

•*-4 

rH 

•H 

o 

rH 

co 

4J 

T-l 

c 

0) 

CO 

03 

co 

05 

*H 

CO 

> 

c 

v 

03 

cr 

G 

Vi 

03 

0 

V 

05 

0 

4J 

Vi 

O 

03 

V 

•rt 

o 

3 

X 

05 

05 

O 

3 

X 

•H 

X 

O 

3 

CO 

X 

05 

•rt 

0) 

u 

■H 

<u 

•H 

X 

•rt 

•rt 

0) 

V4 

•rt 

■rt 

0 

<D 

•rt 

Vi 

u 

ai 

03 

0) 

C 

4-5 

> 

•rt 

V 

o 

c 

4-1 

U 

0) 

C 

o 

4-J 

> 

o 

03 

O 

> 

4J 

CO 

Vi 

rH 

Vi 

4-1 

ro 

V 

V 

AJ 

<0 

00 

V 

rH 

> 

0/ 

Vl 

0) 

<L> 

4~J 

a) 

Vi 

0) 

CO 

4J 

0) 

V 

>% 

a> 

0) 

rH 

T3 

X 

O 

> 

CV 

V 

rrt 

O 

> 

X 

Vi 

rH 

o 

N 

> 

cv 

*-H 

C 

o 

CL 

> 

o 

a 

0 

o 

a. 

CO 

03 

03 

B 

<0 

X 

e 

3 

X 

G 

G 

UJ 

c 

if' 

r-» 

r-4 

:s 

C/5 

o 

irs 

co 

X 

C/5 

c 

O' 

fO 

O' 

C/3 

! 

;  o 

o 

u 

O 

U-i 

c 

c: 

a 

7 

° 

- 

c«i 

>-* 

H 

rH 

CN| 

•rt  U  <U  OJ 
V*  CO  > 
iJ  V  O) 

>>  I-  ^  tL 
>0  0) 


CM  h-  r*-  C/5 


•  *H  G 
t)  5-1  O 

a*  cd  c 
C  >  co 

•r< 

e  x  x 

CO  4J  4J 
X  «rt 

o;  :<  s 

0)  0“  &r> 
0)  0)  a* 

03  03  0) 

3  3  3 


V  *  *  V 

OJ  01  a) 

^  £  z 

EGG 
3  3  3 

T.  7  ^ 


APPKNl)  I X  1-9 


*-  «  _  *  ,  «  .  r  *  r,  »'*•*_•*  •  ■  ,  *  .  •  ,  •  .  «t  .  *  -  -  *  4«  ■<•«*  ^  tc' 

V.v.v.v'- 


Description  and  Incidence  of  Fetal  Skeletal  Examination  Findings  -  Negative  Control 


I 


Coppes  —  63 


Coppes 


4 


r— < 

i 

i 

i 

o 

i-j 

c 

i 

o 

CJ 

| 

c 

a* 

c 

> 

•r*4 

-r-* 

AJ 

a. 

>> 

TO 

*r-J 

f-4 

OC 

cn 

A- 

TO 

at 

at 

o 

e 

?- 

•r* 

TO 

c 

t-J 

TO 

c 

1 

TO 

o 

< 

e 

V) 

o 

TO? 

sz 

&C 

e 

C 

u 

C 

< 

TO 

TO 

•H 

W 

TO? 

• 

C 

O 

U-J 

•»— 1 

X 

O 

tx 

c 

o 

!  ^ 

c 

o 

o 

o 

O 

■u 

i  , 

TO 

I  ° 

c 

1 

E 

TO 

X 

U3 

i 

rH 

i 

TO 

i 

AJ 

•  • 

•  • 

•• 

to 

c 

e; 

d 

»— • 

o 

O 

o 

a 

•H 

•m  n: 

*-♦ 

TO 

AJ 

AJ  V- 

AJ 

P 

c r 

c 

TO 

TO  AJ 

TO 

AJ 

c 

o 

a  c 

U 

c 

r— * 

TJ 

•H 

1“J  0; 

•H 

TO 

TO 

4J 

<A 

«A-  (J 

*A 

U 

cr 

a. 

aj 

V< 

T* 

•H 

to 

aj 

— 

C 

TO 

TO  r-i 

TO 

r~* 

r*- 

C 

V4 

TO 

TO 

TO  TO 

TO 

TO 

TO 

u 

•H 

O 

g 

0  V- 

O 

E 

U 

*AJ 

•fH 

TO 

U 

3 

& 

o 

0) 

TO 

at 

•H 

a;  at 

TO 

TO 

TO 

Q 

> 

AJ 

C 

AJ  AJ 

AJ 

c 

AJ 

a» 

> 

TO 

TO 

TO  V» 

TO 

TO 

U 

o 

TO? 

jr 

V-i 

rH  TO 

H 

TO 

c 

C 

u 

a  cj 

CL  > 

fx  CJ 

> 

TO 

TO 

TO 

E 

e 

£ 

TO5 

W 

O 

c 

O 

*»-« 

• 

u 

r— i 

u  — ' 

u 

o-t 

r  -* 

U 

O 

U-i 

c 

r 

c 

C 

O 

1— 1 

H-4 

►“* 

TO3 

c 

TO 

*f- 

d 

o 

o 

o 

c 

r 

A.J 

c- 

* 

• 

V- 

O 

u 

O' 

O' 

r-~. 

00 

c /: 

a; 

a 

^ — i 

r*' 

c 

sC 

r4 

sO 

TO 

■X) 

r- 

r^. 

00 

o 

C 

O 

O 

O 

O 

o 

V- 

2 

O 

c 

o 

o 

o 

to 

c 

o 

o 

c 

o 

AJ 

a 

Q 

o 

c 

£•> 

TO 

m 

c* 

r* 

X 

oo 

oc 

00 

00 

oc 

baas 


Incidence  of  External,  Visceral,  and  Skeletal  Examination  Findings  -  Positive  Control 
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Incidence  of  Anomalies  and  Variants 
Positive  Control 
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*One  fetus  damaged  in  processing  not 
included  in  skeletal  examination. 
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One  fetus  damaged  in  processing  not  included. 
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